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Sir: 

We, Peter Michael Waterhouse, Ming-Bo Wang, Michael Wayne Graham and Neil A. 
Smith, citizens of Australia, hereby state as follows: 



1.. We are the named inventors of the subject matter of the above captioned 
application. 

2. We have read and understood the Office Action dated November 1, 2007. We 
understand that U.S. Patent No. 6,506,559 has been cited in the Office Action in rejecting the 
claims of the present application. 



3. We submit Exhibits 1-5 as evidence that embodiments of the presently claimed 
invention were made, i.e. actually reduced to practice, prior to the December 23, 1 997 filing date 
of U.S. Provisional Application No. 60/068,562 of which benefit is claimed by U.S. Patent No. 
6,506,559. 

4. Exhibit 1 is a copy of 7 pages from a laboratory notebook prepared by Neil Smith 
that recorded experiments performed by Neil Smith and/or under his supervision during the 
construction of a chimeric DNA comprising two copies of a 0.75 kb fragment of the cDNA copy 
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of the Potato Virus Y RNA genome (PVY) in inverted orientation under control of a CaMV 35S 
promoter and further comprising intron 2 of the Pdk gene from Flaveria trinervia in the 
transcribed region of the chimeric DNA. 

5. Notebook page 151 (Exhibit 1, page 1) describes the relevant part of expression 
vector N2, which was used as starting material to produce the chimeric DNA as described in 
paragraph 4. That N2 is an expression vector can be seen from the notation ART7, which 
indicates the backbone of the expression vector pART7 which was commonly used within the 
CSIRO Plant Industry laboratories at that time. The figure indicates the restriction enzyme sites 
and denotes the different functional parts of the N2 vector as blocks. The bent arrows indicate 
the promoter orientation, while the straight arrows indicate the orientation of the PVY inserts. 
The sizes of the functional parts are indicated between brackets beiow the blocks and are noted 
as kilobasepairs. Abbreviations used are: 35S: Cauliflower Mosaic Virus 35S promoter; PVY: 
approximately 0.75kb fragment of the sequence encoding the protease of potato virus Y; S4: 0.6 
kb fragment of the Subterranean Clover Stunt Virus segment S4; Ocs3': 3' termination and 
polyadenylation signal from the octopine synthase gene from Agrobacterium tumefaciens. 

6. The notebook page 151 further indicates a first cloning strategy to produce a 
PVY hairpin RNA having complementary sense and antisense strands targeting the PVY 
genome part, whereby the 0.6kb Hindlll fragment comprising the Subterranean Clover Stunt 
Virus segment S4 fragment was deleted. In the product, both copies of the PVY fragment are 
operably linked under the control of one CaMV35S promoter. Upon transcription from the 
CaMV35S promoter which is active in plant cells, a double stranded RNA molecule as 
schematically represented ("mRNA double stranded") would be produced. The RNA molecule 
as represented is an artificial hairpin RNA structure comprising two annealing RNA sequences 
labeled "sense strand" and "a sense strand", wherein one of the annealing RNA sequences 
comprises a sense sequence of 750 nucleotides identical to 750 consecutive nucleotides of a 
PVY target gene of interest in a eukaryotic cell, in this case a plant cell, and the second of the 
annealing RNA sequences comprises an antisense sequence identical to 750 consecutive 
nucleotides of the complement of the PVY target gene of interest. 
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7. Notebook pages 1 86-1 88 (Exhibit 1 , pages 2-4) describe the preparation of intron 
2 of the pdk gene of Flaveria trinervia and cloning of a PCR amplified fragment having intron 2 
(767bp) flanked by restriction enzymes into a small cloning vector (PBC) for amplification 
purposes. 

8. On Notebook page 186 plasmid pdkl is described comprising a 10,5 kb EcoRI 
fragment of the pdk genomic DNA in pBLUESCRIPT vector. The figure is a schematic 
representation of the pkdA genomic DNA, the cloned EcoRI fragment and the position of intron 
2. At the bottom is a photo of diagnostic restriction enzyme digests to confirm the structure of 
pdkl 

9. Notebook page 187 represents a nucleotide sequence alignment of the pdkA and 
pdkB genes with an indication of the position and nucleotide sequence of intron 2 of pdkA. 
Further indicated are the nucleotide sequences and position of the oligonucleotides used as 
PCR primers to specifically amplify the intron 2 fragment, flanked by Hindlll restriction enzyme 
recognition sites. 

10. Notebook page 188 details the PCR reaction protocol to amplify the intron 2 
fragment from the plasmid pdkl , a gel analysis of the amplified fragment, a ligation protocol for 
introduction of the PCR- amplified, Hindlll restricted product into a small vector named PBC and 
determination of the relative orientation of insertion of the Hindlll fragment comprising the intron 
2 by restriction analysis. At the bottom of the page, the two alternative orientations of insertion 
into PBC are schematically represented, together with an indication of the expected size of the 
fragment which was generated after Bglll/Pstl restriction digestion for both orientations and 
indication of the orientation of inserts in the different clones. 

11. The first picture of the gel on Notebook page 189 concerns additional verification 
for the clones of the intron 2 Hindlll fragment in PBC in both orientations. Immediately below the 
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picture is a schematic representation of the cloning strategy to introduce the intron 2 between 
the two fragments of PVY in inverted orientation under control of a CaMV35S promoter, to 
generate a double stranded RNA-encoding chimeric gene. To this end, the 0.6 kb Hindlll S4 
fragment from T-DNA vector pNS2 was replaced by the 0.77 kb Hindlll fragment comprising the 
intron 2 described under paragraph 10. pNS2 comprised the gene components of expression 
vector N2 described on notebook page 151 (discussed in paragraph 5 above) cloned into T- 
DNA vector pART27 (see Exhibit 1 , page 6 where it is indicated that the backbone vector is 
pART27, a T-DNA vector commonly used at CSIRO for introduction of chimeric DNAs into plant 
cells by Agrobacterium-mediated transformation). Notebook page 189 further describes the 
composition of the ligation mix and the restriction enzyme analysis to identify clones in which 
the S4 fragment had been replaced by the intron 2 fragment. A small table at the bottom of 
notebook page 189 indicates the predicted sizes of fragments generated by restriction enzyme 
digests for each of the two possible orientations of the inserted intron fragment (indicated as 
"sense intron" and "a-sense intron", the latter is shorthand for intron in antisense orientation). 

12. Notebook page 192 (Exhibit 1, page 6) displays the restriction enzyme analysis 
with Apal enzyme to verify which of the candidate clones contained a single insert of the intron 
fragment. As indicated next to the gel, the clones with a single insert were expected to produce 
a restriction fragment of 770 bp, and as stated there "appear to be many [candidate clones] with 
single Intron 2 inserts". The potentially good chimeric DNA constructs were further verified 
through Xbal restrictions enzyme analysis which as indicated were expected produce a 
characteristic 2.3 kb fragment. At least candidates "2 and 6 (from pool 7) appear to have [the] 
intron insert". 

13. The bottom part of the Notebook page 192 then represents the restriction 
enzyme analysis with the restriction enzyme combinations indicated at the bottom of page 189 
to determine the orientation of the intron 2 in the chimeric DNA constructs for 4 different clones. 
The notification under the gel pictures indicate that clone "2" had the intron in antisense 
orientation, while clones "6", "original single clone 1" and clone "6 from pool 7" had the intron 
fragment in the sense orientation. Intron 2 is a heterologous intron with respect to the PVY 
inserts in the chimeric DNA. 
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14. Notebook page 193 (Exhibit 1, page 7) represents a quality control of a large 
scale DNA preparation of the T-DNA vector clones 2 and 6 from Notebook page 192. At the top 
of page 193 it is indicated that the chimeric DNA construct with the intron fragment in antisense 
orientation is named pNS9, while the chimeric DNA construct with the intron fragment in sense 
orientation is named pNS10. The bullet point "set up 2 and 6 for tri-parental => LBA4404" refers 
to the introduction of T-DNA vectors from the E. coli host into Agrobacterium tumefaciens 
comprising a disarmed helper Ti-plasmid by a process referred to as triparental mating 
commonly used in the art. The resulting agrobacterial transconjugant strains were cocultivated 
with tobacco W38 cells in order to introduce the chimeric DNA into plant cells. 

15. Exhibit 1 thus describes the successful construction of a chimeric DNA 
construct molecule comprising, in order: 

a) a promoter, operative in a eukaryotic (plant) cell (CaMV35S); 

b) a DNA region, which when transcribed, yields an RNA molecule with at 
least one RNA region with a nucleotide sequence comprising 

i. a sense nucleotide sequence including at least 20 
consecutive nucleotides (and also at least 50 or 1 00 nucleotides) having 
100% sequence identity with at least 20 consecutive nucleotides (and 
also at least 50 or 100 nucleotides) of the nucleotide sequence of the 
nucleic acid of interest {0.75 kb PVY region in sense orientation- the 
nucleic acid of interest is thus comprised in the genome of an infecting 
RNA virus in this embodiment)); and 

ii. an antisense nucleotide sequence including at least 20 
consecutive nucleotides (and also at least 50 or 100 nucleotides) having 
100% sequence identity with the complement of the at least 20 
consecutive nucleotides (and also at least 50 or 100 nucleotides) of the 
sense nucleotide sequence (0.75 kb PVY region in antisense orientation); 

wherein the RNA is capable of forming an artificial hairpin RNA structure with a 
double stranded RNA stem by base-pairing between the regions with sense and 
antisense nucleotide sequences; and 
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wherein the DNA region further comprises an intron (intron 2) (which is a heterologous 
intron with respect to the sense and antisense PVY sequences); and 
c) a DNA region involved in transcription termination and polyadenylation (3' ocs 
region). 

16. The experiments recorded in Exhibit 1 were completed prior to December 23, 

1997. 

17. The experiments recorded in Exhibit 1 were performed in CSIRO Plant Industry 
laboratories in Canberra, Australia. 

18. Exhibit 2 is a copy of 5 pages from a laboratory notebook (Notebook No 5) 
prepared by Ming-Bo Wang that recorded experiments performed by Ming-Bo Wang and/or 
under his supervision during the construction of a chimeric DNA encoding an RNA comprising 
sense and antisense nucleotide sequences targeted to a (3-glucuronidase gene (GUS) in which 
the sense and antisense nucleotide sequences could basepair over about 558 bases, as 
described in the above mentioned US patent application in Example 1, Figure 1A (6) and 
Sequence Listing entry SEQ ID NO 1. Further recorded in Exhibit 2 are the introduction of the 
chimeric gene into a T-DNA vector and introduction of the resulting T-DNA vector into 
Agrobacterium tumefaciens comprising a disarmed helper Ti-plasmid. The introduction of the 
chimeric DNA into plant cells, and data showing reduction of target gene expression in the plant 
cells are recorded in Exhibits 4 and 5. 

19. Exhibit 2, page 1, entitled "To make invert-repeat GUS construct for rice 
transformation" recorded the starting materials and ligation mixes set up to introduce a second 
copy of part of the GUS coding region into a vector pWUJGdT comprising a GUS coding region 
with a deletion of the internal 0.3kb EcoRV fragment. 

20. Two cloning strategies were followed i.e. 

a. to introduce a Hindi fragment from the GUS coding region derived from 
vector pWJKKGUS (indicated on top of the page as DNA 3) into EcoRI 
restricted vector pWUJGdT (indicated on top of the page as DNA 1 - 
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treated to render the sticky ends of the restriction fragment blunt and 
further treated with alkaline phosphatase (AP) as indicated in the note at 
the top right of the page. This ligation mix is recorded as ligation 2. 

b. To introduce a Smal-EcoRV fragment from the GUS coding region 
derived from vector pWJKKGUS (indicated on top of the page as DNA 4) 
into Smal restricted vector pWUJGdT (indicated on top of the page as 
DNA 2 - treated with alkaline phosphatase (AP) as indicated in the note 
at the top right of the page). This ligation mix is recorded as ligation 4. 

21. Exhibit 2, page 2 recorded the identification of candidate clones resulting from 
the cloning strategies, as well as identification of the orientation of the insert into the vector. At 
the bottom of the page, these two possible insert orientations into the chimeric DNA are 
schematically represented, resulting in two different vectors namely: 

a. candidate clone 2 (2) renamed pMBW234 where the chimeric gene 
comprised in order a promoter region from maize ubiquitin gene ("Ubi-P"); 
a 5* untranslated leader region from Johnsongrass mosaic virus 
("JGMV"); a dysfunctional (3-glucuronidase gene (GUSd) and the 5' end of 
the GUS coding region (GUS5') in the same orientation as the GUSd 
coding region, followed by transcription termination and polyadenylation 
region from Agrobacterium T-DNA gene tml (tmP). 

b. candidate clone 2 (4) renamed pMBW233 where the chimeric gene 
comprised in order a promoter region from maize ubiquitin gene ("Ubi-P"); 
a 5' untranslated leader region from Johnsongrass mosaic virus 
("JGMV"); a dysfunctional (3-glucuronidase gene (GUSd) and the 5' end 
of the GUS coding region (GUS5') in the inverse orientation relative to the 
GUSd coding region, followed by transcription termination and 
polyadenylation region from Agrobacterium T-DNA gene tml (tml'). 
Transcription of this chimeric gene yields an RNA molecule comprising an 
RNA region capable of forming an artificial hairpin RNA structure 
comprising two annealing RNA sequences, namely a sense RNA 
sequence identical to about 558 consecutive nucleotides of the GUS 
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gene and an antisense RNA sequence identical to about 558 consecutive 
nucleotides of the complement of the GUS gene. 

22. Exhibit 2, page 3 records the experiments performed to clone the chimeric genes 
described under paragraph 21, as Notl restriction fragments, into a T-DNA vector designated 
binary vector pWBVec4A. As indicated in the top right insert, "ligation 2" uses "DNA.1", i.e Notl 
fragment from pMBW234 ; "ligation 3" uses "DNA 2" i.e Notl fragment from pMBW233. 

23. Exhibit 2, page 4 contains the continued recorded data from the experiments 
described under paragraph 22, including the restriction enzyme analysis, of candidate clones 
from ligations 2 and 3 mentioned on the previous page. The plasmid denoted pMBW237 refers 
to the chimeric gene in colony 2(8) [clone 8 of ligation mix 2, thus corresponding to a chimeric 
gene as in pMBW234], and the plasmid denoted pMBW239 refers to the chimeric gene in 
colony 3(8) [clone 8 of ligation mix 3, thus corresponding to a chimeric gene as in pMBW233]. 

24. At the bottom of Exhibit 2, page 4 it is indicated that T-DNA vectors 2(8) and 3(8) 
were used for triparental mating, referring to the introduction of the T-DNA vectors from the E. 
coli host into Agrobacterium tumefaciens comprising a disarmed helper Ti-plasmid, and Exhibit 
2, page 5 records the verification of the Agrobacterium transconjugants as containing the 
respective T-DNA vectors. 

25. The experiments recorded in Exhibit 2 were completed prior to December 23, 

1997. 

26. The experiments recorded in Exhibit 2 were performed in CSIRO Plant Industry 
laboratories in Canberra, Australia. 

27. Exhibit 3 is a copy of a publication by Alan H. Christensen and Peter H. Quail, 
entitled "Ubiquitin promoter-based vectors for high-level expression of selectable and/or 
screenable marker genes in monocotyledonous plants", which was published in Transgenic 
Research Volume 5, 213-218 (May 1996). This publication describes the ubiquitin promoter 
region fragment used in the construction of the chimeric genes described in Exhibit 2, as 
explained under paragraph 21. As indicated in Figure 1, the Ubi promoter region included an 
intron (Ubi-1 intron) indicated in the Figure by an angled line) in the transcribed region. This 
publication is mentioned in the above mentioned patent application as a reference for the 
Ubiquitin promoter used in the chimeric constructs described in Example 1of that patent 
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application. At the time of the construction of the chimeric genes, described under paragraphs 
20 and 21 , we were aware of the presence of an intron in the transcribed DNA region under the 
control of the Ubi promoter region. 

28. Exhibit 4 is a copy of 6 pages from a laboratory notebook (Notebook 96) 
prepared by Ming-Bo Wang that recorded experiments , performed by Ming-Bo Wang and/or 
under his supervision to transform transgenic rice calli containing and expressing a recombinant 
GUS gene as a target gene of interest in a eukaryotic (plant) cell, with the T-DNA vectors 
described in Exhibit 2, and to analyse phenotypic expression of GUS in the supertransformed 
rice calli comprising the target gene and the chimeric DNAs. Data from these analyses 
correspond to the data recorded in the patent application as "Example 1". 

29. Exhibit 4, page 1 indicates that calli were initiated from transgenic rice seeds 4R- 
V10-28 and 4R-V10-67, both expressing a recombinant GUS gene of interest integrated in the 
genome of the calli cells. This target gene is a transgene in the cells. The bottom half indicates 
that these calli were "supertransformed" using different Agrobacteria comprising the different T- 
DNA vectors including pMBW239 (experiment indicated as "7"). Note also the control 
experiments where an "empty" control T-DNA vector (pMBW223) was used (experiment 1) and 
where a conventional co-suppression construct (comprising a transcribed sense nucleotide 
sequence of the GUSd gene (pMBW225) was used for comparison of the level of phenotypic 
expression of the target gene (experiment 2). 

30. Exhibit 4, page 2 recorded the data for Bialaphos resistant calli obtained with the 
different Agrobacteria described on the previous page (paragraph 24 above), indicating that 
such calli had been transformed by the T-DNA's including the chimeric DNA silencing constructs 
(or control constructs). The transgenic calli obtained by transformation of the initial V10-28 
transgenic rice cells with pMBW239 are indicated as "7a" whereas the transgenic calli obtained 
by transformation of the initial V10-67 transgenic rice cells with pMBW239 are indicated as "7b". 

31 . Exhibit 4, page 2 at the bottom and continuing on page 3, recorded the data of an 
initial GUS staining experiment on parts of the transgenic calli that were obtained (V10-67 
derived). In control experiment "1b" where the GUS transgenic calli were supertransformed by 
an "empty" T-DNA vector, all supertransformed calli strongly stained blue indicating strong GUS 
activity. On page 3 of Exhibit 4, the results of a similar GUS staining on calli obtained by 
supertransformation with pMBW239 indicating that the observed GUS staining was either weak 
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("W") , negative ("-") or resulted in an isolated blue spot. These data indicated that the chimeric 
DNA from pMBW239 reduced the phenotypic expression of the GUS target gene in the rice 
cells. 

32. Exhibit 4, pages 4 and 5 represent the recordation of these data for the individual 
calli. Exhibit 4, page 6 summarizes the data of an initial GUS staining experiment on parts of the 
obtained transgenic calli (V10-28 derived). While in series 1a, all calli transformed by the control 
T-DNA vector pMBW223 strongly stained blue indicating strong GUS activity, the transgenic 
calli obtained by transformation with pMBW239 (series 7a) all scored as "very weak" or 
"basically GUS negative" with the exception of only two calli. On the bottom of page 6, reference 
is made to (quantitative) GUS assays, the data of which are recorded in Notebook 5, starting on 
page 55, discussed hereinafter as Exhibit 5. 

33. The experiments recorded in Exhibit 4 were completed prior to December 23, 

1997. 

34. The experiments recorded in Exhibit 4 were performed in CSIRO Plant Industry 
laboratories in Canberra, Australia. 

35. Exhibit 5 is a copy of 17 pages from a laboratory notebook (Notebook 5) 
prepared by Ming Bo Wang that recorded quantitative GUS analysis experiments performed by 
Ming-Bo Wang and/or under his supervision, on the supertranformed rice calli described in 
Exhibit 4. Particular attention is drawn to the "raw data" concerning GUS analysis by kinetic 
value measurements on Exhibit 5, page 14 which are represented in Example 1, Table 2 of the 
above mentioned patent application. See e.g. data for Plate No 3, wells 1 A to 2H which have in 
handwriting indications "7a1" to "7a14" referring to transgenic lines, which are identical to the 
entries in Table 2 of the patent application, column indicated by "Inverted repeat CoP(6)" ) row 
V10-28. Similarly, data for Plate No 3, wells 3A to 4D which have in handwriting indications 
"7b2" to "7b16" referring to transgenic lines are identical to the entries in Table 2 of the patent 
application, column indicated by "Inverted repeat CoP(6)'\ row V10-67. 

36. The experiments recorded in Exhibit 5 were completed prior to December 23, 

1997. 

37. The experiments recorded in Exhibit 5 were performed in CSIRO Plant Industry 
laboratories in Canberra, Australia. 
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38. The experiments recorded in Exhibit 2, 4 and 5 therefore describe successful 
completion prior to December 23, 1997 of the construction of a chimeric DNA molecule 
(pMBW233/239 series) comprising in order 

a. a promoter operative in a eukaryotic (plant) cell (Ubi-P); 

b. a DNA region, which when transcribed, yields an RNA molecule with at 
least one RNA region with a nucleotide sequence comprising 

i. a sense nucleotide sequence including at least 20 consecutive 
nucleotides (and also at least 50 or 100 nucleotides) having 100 
% sequence identity with at least 20 (and also at least 50 or 100 
nucleotides) consecutive nucleotides of the nucleotide sequence 
of a nucleic acid of interest (Gusd in sense orientation) in a 
eukaryotic cell; and 

ii. an antisense nucleotide sequence including at least 20 
consecutive nucleotides (and also at least 50 or 100 nucleotides) 
having 100% sequence identity with the complement of the at 
least 20 consecutive nucleotides (and also at least 50 or 100 
nucleotides) of the sense nucleotide sequence (Gus5' in 
antisense orientation), 

wherein the RNA is capable of forming an artificial hairpin RNA structure with a 
double stranded RNA stem by base-pairing between the regions with sense and 
antisense nucleotide sequence wherein the DNA region further comprises an 
intron (Ubi intron) (which is heterologous to the sense GUS sequence); and 

c. a DNA region involved in transcription termination and polyadenylation 
(tml>). 

39. The experiments recorded in Exhibit 2, 4 and 5 also describe successful 
completion prior to December 23, 1997 of a method for reducing the phenotypic expression of a 
nucleic acid of interest which is normally capable of being expressed (GUS gene) in a 
eukaryotic cell (a plant cell, rice) comprising the step of introducing into the eukaryotic cell 
(plant cell) a chimeric DNA {pMBW233/239 series) as described in paragraph 24. 
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40. The statements made in this declaration are made on the personal knowledge or 
on the information and belief of the declarants. We hereby declare that all statements made 
herein of personal knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 
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Sir: 

We, Peter Michael Waterhouse, Ming-Bo Wang, Michael Wayne Graham and Neil A, 
Smith, citizens of Australia, hereby state as follows: 

1. We are the named inventors of the subject matter of the above captioned 
application. 

2. We have read and understood the Office Action dated November 1, 2007. We 
understand that U.S, Patent No. 6,506,559 has been cited in the Office Action in rejecting the 
claims of the present application. 

3. We submit Exhibits 1 -5 as evidence that embodiments of the presently claimed 
invention were made, i.e. actually reduced to practice, prior to the December 23, 1997 filing date 
of U.S. Provisional Application No. 60/068,562 of which benefit is claimed by U.S. Patent No. 
6,506,559. 

4. Exhibit 1 is a copy of 7 pages from a laboratory notebook prepared by Neil Smith 
that recorded experiments performed by Neil Smith and/or under his supervision during the 
construction of a chimeric DNA comprising two copies of a 0.75 kb fragment of the cDNA copy 
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of the Potato Virus Y RNA genome (PVY) in inverted orientation under control of a CaMV 35S 
promoter and further comprising intron 2 of the Pdk gene from Flaveria trinervia in the 
transcribed region of the chimeric DNA. 

5. Notebook page 151 (Exhibit 1, page 1) describes the relevant part of expression 
vector N2 T which was used as starting material to produce the chimeric DNA as described in 
paragraph 4. That N2 is an expression vector can be seen from the notation ART7, which 
indicates the backbone of the expression vector pART7 which was commonly used within the 
qSIro Plant Industry laboratories at that time. The figure indicates the restriction enzyme sites 
and denotes the different functional parts of the N2 vector as blocks. The bent arrows indicate 
the promoter orientation, while the straight arrows indicate the orientation of the PVY inserts. 
The sizes of the functional parts are indicated between brackets below the blocks and are noted 
as kilobasepairs. Abbreviations used are: 35S: Cauliflower Mosaic Virus 35S promoter; PVY: 
approximately 0,75kb fragment of the sequence encoding the protease of potato virus Y; S4: 0.6 
kb fragment of the Subterranean Clover Stunt Virus segment S4; Ocs3 ? : 3 1 termination and 
polyadenylation signal from the octopine synthase gene from Agrobacterium tumefaciens. 

6. The notebook page 151 further indicates a first cloning strategy to produce a 
PVY hairpin RNA having complementary sense and antisense strands targeting the PVY 
genome part, whereby the 0.6kb Hindlll fragment comprising the Subterranean Clover Stunt 
Virus segment S4 fragment was deleted. In the product, both copies of the PVY fragment are 
operably linked under the control of one CaMV35S promoter. Upon transcription from the 
CaMV35S promoter which is active in plant cells, a double stranded RNA molecule as 
schematically represented ("mRNA double stranded") would be produced. The RNA molecule 
as represented is an artificial hairpin RNA structure comprising two annealing RNA sequences 
labeled "sense strand" and "a sense strand", wherein one of the annealing RNA sequences 
comprises a sense sequence of 750 nucleotides identical to 750 consecutive nucleotides of a 
PVY target gene of interest in a eukaryotic cell, in this case a plant cell, and the second of the 
annealing RNA sequences comprises an antisense sequence identical to 750 consecutive 
nucleotides of the complement of the PVY target gene of interest. 
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7. Notebook pages 186-188 (Exhibit 1, pages 2-4) describe the preparation of intron 
2 of the pdk gene of Fteveria trinervla and cloning of a PCR amplified fragment having intron 2 
(767bp) flanked by restriction enzymes into a small cloning vector (PBC) for amplification 
purposes. 

8. On Notebook page 186 plasmid pdkl is described comprising a 10.5 kb EcoRI 
fragment of the pdk genomic DNA in pBLUESCRIPT vector. The figure is a schematic 
representation of the pkdA genomic DNA, the cloned EcoRI fragment and the position of intron 
2. At the bottom is a photo of diagnostic restriction enzyme digests to confirm the structure of 
pdkl. 

9. Notebook page 1 87 represents a nucleotide sequence alignment of the pdkA and 
pdkB genes with an indication of the position and nucleotide sequence of intron 2 of pdkA. 
Further indicated are the nucleotide sequences and position of the oligonucleotides used as 
PCR primers to specifically amplify the intron 2 fragment, flanked by Hindlll restriction enzyme 
recognition sites. 

10. Notebook page 188 details the PCR reaction protocol to amplify the intron 2 
fragment from the plasmid pdkl, a gel analysis of the amplified fragment, a ligation protocol for 
introduction of the PCR- amplified, Hindlll restricted product into a small vector named PBC and 
determination of the relative orientation of insertion of the Hindlll fragment comprising the intron 
2 by restriction analysis. At the bottom of the page, the two alternative orientations of insertion 
into PBC are schematically represented, together with an indication of the expected size of the 
fragment which was generated after Bglll/Pstl restriction digestion for both orientations and 
indication of the orientation of inserts in the different ctones. 

11. The first picture of the gel on Notebook page 189 concerns additional verification 
for the clones of the intron 2 Hindlll fragment in PBC in both orientations. Immediately below the 
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picture is a schematic representation of the cloning strategy to introduce the intron 2 between 
the two fragments of PVY in inverted orientation under control of a CaMV35S promoter, to 
generate a double stranded RNA-encoding chimeric gene. To this end, the 0.6 kb Hindlll S4 
fragment from T-DNA vector pNS2 was replaced by the 0.77 kb Hindlll fragment comprising the 
intron 2 described under paragraph 10. pNS2 comprised the gene components of expression 
vector N2 described on notebook page 151 (discussed in paragraph 5 above) cloned into T- 
DNA vector pART27 (see Exhibit 1 , page 6 where it is indicated that the backbone vector is 
pART27, a T-DNA vector commonly used at CSIRO for introduction of chimeric DNAs into plant 
cells by Agrobacterium-mediated transformation). Notebook page 189 further describes the 
composition of the ligation mix and the restriction enzyme analysis to identify clones in which 
the S4 fragment had been replaced by the intron 2 fragment. A small table at the bottom of 
notebook page 189 indicates the predicted sizes of fragments generated by restriction enzyme 
digests for each of the two possible orientations of the inserted intron fragment (indicated as 
" sense jntron" and "a-sense intron", the latter is shorthand for intron in antisense orientation). 

12. Notebook page 192 (Exhibit 1, page 6) displays the restriction enzyme analysis 
with Apal enzyme to verify which of the candidate clones contained a single insert of the intron 
fragment. As indicated next to the gel, the clones with a single insert were expected to produce 
a restriction fragment of 770 bp, and as stated there "appear to be many [candidate clones] with 
single Intron 2 inserts". The potentially good chimeric DNA constructs were further verified 
through Xbal restrictions enzyme analysis which as indicated were expected produce a 
characteristic 2.3 kb fragment. At least candidates tt 2 and 6 (from pool 7) appear to have [the] 
intron insert". 

13. The bottom part of the Notebook page 192 then represents the restriction 
enzyme analysis with the restriction enzyme combinations indicated at the bottom of page 189 
to determine the orientation of the intron 2 in the chimeric DNA constructs for 4 different clones. 
The notification under the gel pictures indicate that clone "2" had the intron in antisense 
orientation, while clones "6", "original single clone 1" and clone "6 from pool 7" had the intron 
fragment in the sense orientation. Intron 2 is a heterologous intron with respect to the PVY 
inserts in the chimeric DNA. 
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14. Notebook page 193 (Exhibit 1, page 7) represents a quality control of a large 
scale DN A preparation of the T-DN A vector clones 2 and 6 from Notebook page 192. At the top 
of page 193 it is indicated that the chimeric DNA construct with the intron fragment in antisense 
orientation is named pNS9, while the chimeric DNA construct with the intron fragment in sense 
orientation is named pNS10. The bullet point "set up 2 and 6 for tri-parental ^> LBA4404" refers 
to the introduction of T-DNA vectors from the E, coli host into Agrobacterium tumefaciens 
comprising a disarmed helper Ti-plasmid by a process referred to as triparental mating 
commonly used in the art. The resulting agrobacterial transconjugant strains were cocultivated 
with tobacco W38 cells in order to introduce the chimeric DNA into plant cells. 

15. Exhibit 1 thus describes the successful construction of a chimeric DNA 
construct molecule comprising, in order: 

a) a promoter, operative in a eukaryotic (plant) cell (CsMV35S); 

b) a DNA region, which when transcribed, yields an RNA molecule with at 
least one RNA region with a nucleotide sequence comprising 

i. a sense nucleotide sequence including at least 20 
consecutive nucleotides (and also at least 50 or 100 nucleotides) having 
100% sequence identity with at least 20 consecutive nucleotides (and 
also at least 50 or 100 nucleotides) of the nucleotide sequence of the 
nucleic acid of interest (0. 75 kb PVY region in sense orientation- the 
nucleic acid of interest is thus comprised in the genome of an infecting 
RNA virus in this embodiment)); and 

ii. an antisense nucleotide sequence including at least 20 
consecutive nucleotides (and also at least 50 or 100 nucleotides) having 
100% sequence identity with the complement of the at least 20 
consecutive nucleotides (and also at least 50 or 100 nucleotides) of the 
sense nucleotide sequence (0.75 kb PVY region in antisense orientation)] 

wherein the RNA is capable of forming an artificial hairpin RNA structure with a 
double stranded RNA stem by base-pairing between the regions with sense and 
antisense nucleotide sequences; and 
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wherein the DNA region further comprises an intron (intron 2) (which is a heterologous 
intron with respect to the sense and antisense PVY sequences); and 
c) a DNA region involved in transcription termination and polyadenylation (3' ocs 
region). 

16i experiments recorded in Exhibit 1 were completed prior to December 23, 

1997. 

17. The experiments recorded in Exhibit 1 were performed in CSIRO Plant Industry 
laboratories in Canberra, Australia. 

18. Exhibit 2 is a copy of 5 pages from a laboratory notebook (Notebook No 5) 
prepared by Ming*Bo Wang that recorded experiments performed by Ming-Bo Wang and/or 
under his supervision during the construction of a chimeric DNA encoding an RNA comprising 
sense and antisense nucleotide sequences targeted to a p-glucuronidase gene (GUS) in which 
the sense and antisense nucleotide sequences could basepair over about 558 bases, as 
described in the above mentioned US patent application in Example 1, Figure 1A (6) and 
Sequence Listing entry SEQ ID NO 1. Further recorded in Exhibit 2 are the introduction of the 
chimeric gene into a T-DNA vector and introduction of the resulting T-DNA vector into 
Agrobacterium tumefaciens comprising a disarmed helper Ti-plasmid. The introduction of the 
chimeric DNA into plant cells, and data showing reduction of target gene expression in the plant 
cells are recorded in Exhibits 4 and 5. 

19. Exhibit 2, page 1, entitled "To make invert-repeat GUS construct for rice 
transformation" recorded the starting materials and ligation mixes set up to introduce a second 
copy of part of the GUS coding region into a vector pWUJGdT comprising a GUS coding region 
with a deletion of the internal 0.3kb EcoRV fragment. 

20. Two cloning strategies were followed i.e. 

a. to introduce a Hindi fragment from the GUS coding region derived from 
vector pWJKKGUS (indicated on top of the page as DNA 3) into EcoRI 
restricted vector pWUJGdT (indicated on top of the page as DNA 1 - 
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treated to render the sticky ends of the restriction fragment blunt and 
further treated with alkaline phosphatase (AP) as indicated in the note at 
the top right of the page. This ligation mix is recorded as ligation 2. 

b. To introduce a Smal-EcoRV fragment from the GUS coding region 
derived from vector pWJKKGUS (indicated on top of the page as DNA 4) 
into Smal restricted vector pWUJGdT (indicated on top of the page as 
DNA 2 - treated with alkaline phosphatase (AP) as indicated in the note 
at the top right of the page). This ligation mix is recorded as ligation 4, 

21 . Exhibit 2 7 page 2 recorded the identification of candidate clones resulting from 
the cloning strategies, as well as identification of the orientation of the insert into the vector. At 
the bottom of the page, these two possible insert orientations into the chimeric DNA are 
schematically represented, resulting in two different vectors namely: 

a. candidate clone 2 (2) renamed pMBW234 where the chimeric gene 
comprised in order a promoter region from maize ubiquitin gene ("Ubi-P"); 
a 5' untranslated leader region from Johnsongrass mosaic virus 
CJGMV"); a dysfunctional p-giucuronidase gene (GUSd) and the 5' end of 
the GUS coding region (GUS5 1 ) in the same orientation as the GUSd 
coding region, followed by transcription termination and polyadenylation 
region from Agrobacterium T-DNA gene tml (tmr). 

b. candidate clone 2 (4) renamed pMBW233 where the chimeric gene 
comprised in order a promoter region from maize ubiquitin gene ("Ubi-P"); 
a 5' untranslated leader region from Johnsongrass mosaic virus 
("JGMV"); a dysfunctional p-glucuronidase gene (GUSd) and the 5' end 
of the GUS coding region (GUS5 1 ) in the inverse orientation relative to the 
GUSd coding region, followed by transcription termination and 
polyadenylation region from Agrobacterium T-DNA gene tml (tml 1 ). 
Transcription of this chimeric gene yields an RNA molecule comprising an 
RNA region capable of forming an artificial hairpin RNA structure 
comprising two annealing RNA sequences, namely a sense RNA 
sequence identical to about 558 consecutive nucleotides of the GUS 
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gene and an antisense RNA sequence identical to about 558 consecutive 
nucleotides of the complement of the GUS gene. 

22. Exhibit 2, page 3 records the experiments performed to clone the chimeric genes 
described under paragraph 21, as Notl restriction fragments, into a T-DNA vector designated 
binary vector pWBVec4A. As indicated in the top right insert, "ligation 2" uses "DNA 1", i.e Notl 
fragment from pMBW234 ; "ligation T uses "DNA 2 M i.e Notl fragment from pMBW233. 

23. Exhibit 2, page 4 contains the continued recorded data from the experiments 
described under paragraph 22, including the restriction enzyme analysis, of candidate clones 
from ligations 2 and 3 mentioned on the previous page. The plasmid denoted pMBW237 refers 
to the chimeric gene in colony 2(8) [clone 8 of ligation mix 2, thus corresponding to a chimeric 
gene as in pMBW234], and the plasmid denoted pMBW239 refers to the chimeric gene in 
colony 3(8) [clone 8 of ligation mix 3, thus corresponding to a chimeric gene as in pMBW233J. 

24. At the bottom of Exhibit 2, page 4 it is indicated that T-DNA vectors 2(8) and 3(8) 
were used for triparental mating, referring to the introduction of the T-DNA vectors from the E. 
coli host into Agrobacterium tumefaciens comprising a disarmed helper Ti-piasmid, and Exhibit 
2, page 5 records the verification of the Agrobacterium transconjugants as containing the 
respective T-DNA vectors. 

25- The experiments recorded in Exhibit 2 were completed prior to December 23, 

1997. 

26. The experiments recorded in Exhibit 2 were performed in CSIRO Plant Industry 
laboratories in Canberra, Australia, 

27. Exhibit 3 is a copy of a publication by Alan H. Christensen and Peter H. Quail, 
entitled "Ubiquitin promoter-based vectors for high-level expression of selectable and/or 
screenable marker genes in monocotyledonous plants", which was published in Transgenic 
Research Volume 5, 213-218 (May 1996). This publication describes the ubiquitin promoter 
region fragment used in the construction of the chimeric genes described in Exhibit 2, as 
expfained under paragraph 21. As indicated in Figure 1, the Ubi promoter region included an 
intron (Ubi-1 intron) indicated in the Figure by an angled line) in the transcribed region. This 
publication is mentioned in the above mentioned patent application as a reference for the 
Ubiquitin promoter used in the chimeric constructs described in Example 1 of that patent 
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application. At the time of the construction of the chimeric genes, described under paragraphs 
20 and 21 1 we were aware of the presence of an intron in the transcribed DNA region under the 
control of the Ubi promoter region. 

28. Exhibit 4 is a copy of 6 pages from a laboratory notebook (Notebook 96) 
prepared by Ming-Bo Wang that recorded experiments performed by Ming-Bo Wang and/or 
under his supervision to transform transgenic rice calli containing and expressing a recombinant 
GUS gene as a target gene of interest in a eukaryotic (plant) cell, with the T-DNA vectors 
described in Exhibit 2, and to analyse phenotypic expression of GUS in the supertransformed 
rice calli comprising the target gene and the chimeric DNAs. Data from these analyses 
correspond to the data recorded in the patent application as "Example 1". 

29. Exhibit 4 ? page 1 indicates that calli were initiated from transgenic rice seeds 4R- 
V10-28 and 4R-V 10-67, both expressing a recombinant GUS gene of interest integrated in the 
genome of the calli cells, This target gene is a transgene in the cells. The bottom half indicates 
that these calli were "supertransformed" using different Agrobacteria comprising the different T- 
DNA vectors including pMBW239 (experiment indicated as "7"). Note also the control 
experiments where an "empty" control T-DNA vector (pM6W223) was used (experiment 1) and 
where a conventional co-suppression construct (comprising a transcribed sense nucleotide 
sequence of the GUSd gene (pMBW225) was used for comparison of the level of phenotypic 
expression of the target gene (experiment 2). 

30. Exhibit 4, page 2 recorded the data for Bialaphos resistant calli obtained with the 
different Agrobacteria described on the previous page (paragraph 24 above), indicating that 
such calli had been transformed by the T-DNA's including the chimeric DNA silencing constructs 
(or control constructs). The transgenic calli obtained by transformation of the initial V10-28 
transgenic rice cells with pMBW239 are indicated as "7a" whereas the transgenic calli obtained 
by transformation of the initial V10-67 transgenic rice cells with pMBW239 are indicated as u 7b'\ 

31 . Exhibit 4, page 2 at the bottom and continuing on page 3, recorded the data of an 
initial GUS staining experiment on parts of the transgenic calli that were obtained (V10-67 
derived). In control experiment M 1b" where the GUS transgenic calli were supertransformed by 
an "empty" T-DNA vector, all supertransformed calli strongly stained blue indicating strong GUS 
activity. On page 3 of Exhibit 4, the results of a similar GUS staining on calli obtained by 
supertransformation with pMBW239 indicating that the observed GUS staining was either weak 
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("W") , negative ("-") or resulted in an isolated blue spot. These data indicated that the chimeric 
DNA from pMBW239 reduced the phenotypic expression of the GUS target gene in the rice 
cells. 

32. Exhibit 4, pages 4 and 5 represent the recordation of these data for the individual 
calli. Exhibit 4, page 6 summarizes the data of an initial GUS staining experiment on parts of the 
obtained transgenic calli (V10-28 derived). While in series 1a, all calli transformed by the control 
T-DNA vector pMBW223 strongly stained blue indicating strong GUS activity, the transgenic 
calli obtained by transformation with pMBW239 (series 7a) all scored as 'Very weak" or 
"basically GUS negative 11 with the exception of only two calli. On the bottom of page 6, reference 
is made to (quantitative) GUS assays, the data of which are recorded in Notebook 5, starting on 
page 55, discussed hereinafter as Exhibit 5. 

33 t Th e experiments recorded in Exhibit 4 were completed prior to December 23, 

1997. 

34. The experiments recorded in Exhibit 4 were performed in CSIRO Plant Industry 
laboratories in Canberra, Australia. 

35. Exhibit 5 is a copy of 17 pages from a laboratory notebook (Notebook 5) 
prepared by Ming Bo Wang that recorded quantitative GUS analysis experiments performed by 
Ming-Bo Wang and/or under his supervision, on the supertranformed rice calli described in 
Exhibit 4. Particular attention is drawn to the "raw data" concerning GUS analysis by kinetic 
value measurements on Exhibit 5, page 14 which are represented in Example 1, Table 2 of the 
above mentioned patent application. See e.g. data for Plate No 3, wells 1 A to 2H which have in 
handwriting indications "7a1 ,f to "7a14" referring to transgenic lines, which are identical to the 
entries in Table 2 of the patent application, column indicated by "Inverted repeat CoP(6)", row 
V10-28. Similarly, data for Plate No 3, wells 3A to 4D which have in handwriting indications 
Il 7b2" to "7b16 M referring to transgenic lines are identical to the entries in Table 2 of the patent 
application, column indicated by "Inverted repeat CoP(6)", row V10-67. 

36. The experiments recorded in Exhibit 5 were completed prior to December 23, 

1997. 

37. The experiments recorded in Exhibit 5 were performed in CSIRO Plant Industry 
laboratories in Canberra, Australia. 
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38. The experiments recorded in Exhibit 2, 4 and 5 therefore describe successful 
completion prior to December 23, 1997 of the construction of a chimeric DNA molecule 
(pMBW233/239 series) comprising in order 

a, a promoter operative in a eukaryotic (plant) cell (Ubi-P); 

b, a DNA region, which when transcribed, yields an RNA molecule with at 
least one RNA region with a nucleotide sequence comprising 

i. a sense nucleotide sequence including at least 20 consecutive 
nucleotides (and also at least 50 or 100 nucleotides) having 100 
% sequence identity with at least 20 (and also at least 50 or 100 
nucleotides) consecutive nucleotides of the nucleotide sequence 
of a nucleic acid of interest (Gusci in sense orientation) in a 
eukaryotic cell; and 

ii. an antisense nucleotide sequence including at least 20 
consecutive nucleotides (and also at least 50 or 100 nucleotides) 
having 100% sequence identity with the complement of the at 
least 20 consecutive nucleotides (and also at least 50 or 100 
nucleotides) of the sense nucleotide sequence (Gus5' in 
antisense orientation), 

wherein the RNA is capable of forming an artificial hairpin RNA structure with a 
double stranded RNA stem by base-pairing between the regions with sense and 
antisense nucleotide sequence wherein the DNA region further comprises an 
intron (Ubi intron) (which is heterologous to the sense GUS sequence); and 

c, a DNA region Involved in transcription termination and polyadenylation 
(fmn. 

39. The experiments recorded in Exhibit 2, 4 and 5 also describe successful 
completion prior to December 23, 1997 of a method for reducing the phenotypic expression of a 
nucleic acid of interest which is normally capable of being expressed (GUS gene) in a 
eukaryotic cell (a plant ceil, rice) comprising the step of introducing into the eukaryotic cell 
(plant cell) a chimeric DNA {pMBW233/239 series) as described in paragraph 24. 
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40. The statements made in this declaration are made on the personal knowledge or 
on the information and belief of the declarants. We hereby declare that all statements made 
herein of personal knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 
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Ubiquitin promoter-based vectors for high-level 
expression of selectable and/or screenable marker 
genes in monocotyledonous plants 
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A set of plasmids has been constructed utilizing the promoter, 5' untranslated exon, and first intron of the maize 
ubiquitin (Ubi-1) gene to drive expression of protein coding sequences of choice. Plasmids containing chimaeric 
genes for ubiquitin-luciferase (Ubi-Luc), ubiquitin-0-glucuronidase (Ubi-GUS), and ubiquitin-phosphinothricin 
acetyl transferase (Ubi- bar) have been generated, as well as a construct containing chimaeric genes for both Ubi- 
GUS and Ubi-bar in a single plasmid. Another construct was generated to allow cloning of protein coding: . 
sequences of choice on Bam HI and Bam Hl-compatible restriction fragments downstream of the Ubi-1 gene 
fragment. Because the Ubi-1 promotor has been shown to be highly active in monocots, these constructs may be 
useful for generating high-level gene expression of selectable markers to facilitate efficient transformation of 
monocots, to drive expression of reference reporter genes in studies of gene expression, and to provide expression 
of biotechnologically important : protein products in transgenic plants. . 



potentially useful alternatives to the CaMV 35S and 
Adhl sequences. Both of these monocot promoters have 
been shown to be significantly more active than the 
CaMV 35S promoter in monocot cells (Bruce et al, 1989; 
McElroy et al, 1990; Christensen et al, 1992; Cornejo et 
al, 1993; Gallo-Meagher and Irvine, 1993; McElroy and 
Brettell, 1994) with the Ubi-1 promoter being somewhat 
stronger than the Act-1 promoter where compared directly 
(Cornejo et al, 1993; Gallo-Meagher and Irvine, 1993; 
Schledzewski and Mendel, 1994; Wilmink et al, 1995). 

Since our initial reports on the use of maize Ubi-1 
promoter constructs in transient (Christensen et. al., 1992) 
and stable (Toki et al, 1992; Uchimiya et al, 1993) 
cereal transformation studies, we have distributed to a 
large number of researchers a variety of constructs with 
the Ubi-1 promoter fused to a spectrum of selectable and 
scorable markers. Certain of these constructs or their 
derivatives have been used successfully in transforming a 
number of different monocot species (Wilmink et- al, 
1995), including several cereals (McElroy and Brettell, 
1994) and Lemna (Rolfe and Tobin, . 1991), with- reports 
of transgenic plants having been generated for rice 
(Cornejo et al, 1993), wheat (Weeks et al, 1993), and 

0962-8819 © 1996 Chapman .& Hall 
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Introduction 

The general availability of strong promoters active in all 
or most cell types of monocotyledonous plants would be 
useful in a variety of applications in gene transfer studies 
with this plant group (McElroy and Brettell, 1994). 
Although the widely-used cauliflower mosaic virus 
(CaMV) 35S promoter is active in monocot cells, its 
relative strength is substantially less than in dicot cells, 
arid it is inactive in some cell types, e.g. pollen (Bruce et 
al, 1989; Christensen .et al, 1992; McElroy and Brettel, 
1994). The maize Adhl promoter has. also - been used in 
monocot transformation studies. (Fromm et al, 1990), but 
its activity appears to be restricted to root and shoot 
meristems, endosperm, and pollen (Kyozuka et al, 1991). 
Because of their expected involvement in fundamental 
processes in all cell types, the genes for .rice actin (Act-1) 
(McElroy et al, 1990) and maize ubiquitin (Ubi-1) 
(Christensen et al, 1992) have been investigated as 

*To whom coiTespondence should be addressed. 

^Present address: Dept. of Biology, George Mason University, Fairfax, VA 
22030, USA ' 
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barley (Wan and Lemaux, 1994). This report presents the 
structural details of the complete set of these constructs. 



Materials and methods 

The cloning and sequencing of the maize ubiquitin gerie 
and its promoter have been reported previously 
(Christensen et aL, . 1992). All DNA cloning and 
manipulations reported here were performed according to 
standard protocols (Ausubel et al. 9 1989). Restriction 
endonuelease digestions were carried out according to 
manufacturers' recommendations. GeneClean (BIO 101, 
La Jolla, CA, USA) was used to isolate specific restriction 
fragments from agarose gels. Recovery of DNA fragments 
was quantified by comparison of ethidium bromide 
fluorescence of an aliquot of the fragment with known 
masses of DNA on agarose gels. The Hindlll linker (5' 
CAAGCTTG 3') used in the construction of pAHC27 was 
obtained from New England Biolabs. DNA ligations and 
subsequent transformations into competent Escherichia 
coli strain XLl-Blue or HB101 cells and plasmid DNA 
preparations were carried out using standard protocols 
(Ausubel et aL, 1989). Analysis of DNA sequences was 
performed using the UWGCG package of programs 
(Fromm et aL, 1990) and DNA Inspector II (Textco, W. 
Lebanon,. NH, USA). 

Results 

All of the constructs described here were generated by 
fusing the same 1992 bp Pstl fragment from the maize 
Ubi-1 gene upstream of the relevant polylinker or marker 
sequence (Fig. 1). This Ubi-1 Pstl fragment contains 
899 bp of promoter sequence, 83 bp of 5' untranslated 
exon, and 1010 bp of first intron sequence, terminating 
through reconstitution of the Pstl site precisely at the G in 
the AG diriucleotide of the 3' splice junction of the intron 
(Christensen et aL, 1992). The nucleotide sequences at the 
fusion junctions at the 3' end of the Ubi-1 DNA are 
shown, for each construct in Fig. 2. 

pAHCl? 

This plasmid is a Ubi- 1 promoter expression vector for . 
Bam HI (or Bam Hl-compatible) cloning of protein coding 
regions. It contains the .Ubi-1 promoter, 5' untranslated 
region and intron upstream of an unique Bam HI site (Fig. 
1). About 250 bp of nopaline synthase (NOS) 3 y 
untranslated sequence and polyadenylation signals are 
located downstream of the Bam HI site. The 1992 bp Pstl 
fragment of the Ubi-1 gene had been previously cloned 
into the Pstl site of M13mpl9 for sequencing 
(Christensen et aL, 1992). A Hin dill-Bam HI fragment 
from the replicative form of that clone was isolated and 
ligated to a 3175 bp Hin dlil-BamHl fragment of pMF6 
(Goff et aL, 1991) containing pUC8 sequence and 250 bp 
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of NOS 3' polyadenylation sequence adjacent to the 
Eco RI site. 

The polylinker sequence is located between the end of 
the Ubi-1 intron and the Bam HI cloning site and 
between the Bam HI site and the NOS sequence (Fig. 
2). Thus, a reporter gene cloned into the Bam HI site is 
flanked by polylinker sequence on both the 5' and 3' 
sides. Sail and Xbal sites from the M13mpl9 polylinker 
are upstream of the BamHI site and a Sail and a Pstl 
site from the pUC8 polylinker are on the 3' side, 

pAHC15 and pAHC27 (pUbi-GUS) 

These plasmids contain the maize . Ubi-1 promoter, 5' 
untranslated region and first . intron fused to the coding 
region of the E. coli uidA gene (GUS) (Fig. 1). To 
produce pAHC15, Hin dlll-Eco RI fragment of pBI101.2 
(Jefferson et aL, 1987) containing the -Hin dill to Smal 
region of the pUC19 polylinker, the GUS coding 
sequence, and 260 bp of the nopaline synthase gene 
. polyadenylation signal was cloned into the Hin dm and 
EcoRl sites of pUC19 (pUC19-GUS-NOS). The 1992 bp 
Pstl fragment of the maize Ubi-1 gene (Christensen et aL, 
1992) was cloned into the.P^rl site of the polylinker 
sequence upstream of the GUS coding sequence in 
pUC19-GUS-NOS. The construct contains the . Ubi-1 
sequence in an orientation such that transcription will 
proceed through the ubiquitin 5' exon, intron and the GUS 
coding sequence, terminating in the NOS 3' sequence. 

pAHC27 contains the same Ubi-GUS-NOS construct as 
pACH15 but as a Hindlll fragment cloned into the 
Hindlll site of pUC19 (Fig. 1)., This construct was 
generated to facilitate the production of pAHC25 (see 
below). The EcoRI site at the 3' end of the chimeric 
gene in pAHC15 is not unique as there is an additional 
EcoRI site in the Ubi-1 intron. However, the Hin dill site 
at the 5' end of the chimaeric gene is unique. To allow 
the entire construct to be removed as one fragment for 
further subcloning, a Hindlll site was introduced at the 
3 7 end of the chimaeric gene. This was achieved by 
partially digesting pAHC15 with EcoRI, optimizing the 
digestion for linear fragments. The Eco RI sites were 
filled in with dNTPs arid Klenow fragment of DNA 
Polymerase and a Hindlll linker (5' CAAGCTTG 3'; 
New England Biolabs) was added. Addition of the linker 
also restored the EcoRl site. The DNA was digested with 
Hindlll to remove excess linker and to cut at the 5' end 
of the chimaeric gene. The 4.15 kb Hindlll fragment 
containing the Ubi-1 gus chimaeric gene was gel-purified 
and subcloned into Hin dill-digested pUCl9. The 
chimaeric gene in the resultant pAHC27 is oriented such. . 
that the entire pUC 19 polylinker is upstream of the Ubi-1 
promoter (Fig, 1). 

pAHC18 - pUbi-LUC 

This plasmid contains the Ubi-1 promoter-5' ex on-first 
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Fig. 1. Schematic diagrams of expression vectors, based on maize Ubi-1 sequences. The relative sizes of the various segments of the 
linearized plasmids are drawn to scale. Bold straight line, Ubi-1 promoter sequences; filled box, Ubi-1 exon; angled line, Ubi-1 intron;" 
labelled open boxes, reporter gene sequences; blank open box, nopaline synthases; 3' untranslated sequence; thin straight line, pUC8 
(pAHC17, 18, 20, and 25) or pUC19 (pAHC15 and 27) sequence: Arrow at the Ubi-1 .exon signifies transcription start site and direction. 
GUS, ^-glucuronidase (Jefferson, et uU 1987); LUC, firefly luciferase (Ow et aU 1986); BAR, phosphinothricin acetyltransferase (De 
Block et a/.,- 1987). Restriction sites used in construction of the chimaeric genes and in adjacent poly linker sequences are shown. The 
^wiHI site marked with an asterisk in pAHC17 is an unique site for cloning Bam HI or Bam Hl-compatible fragments. (Note: The Xbal 
sites located in the Ubi-1 intron are subject to methylation interference in dam jr E, coli strains.._Also, although the Eco RI site in the Ubi-1 
intron upstream of the gits sequence in pAHC15 is cleaved efficiently, in both pAHC27 and pAHC25 the corresponding ^c^ RI site is cut 
very inefficiently). B, BdmE.1; E, Eco RI; H, Hin dill; K, Kpnl\% Pstl; Sa, Sail; Sc, Sad; Sin, Smal; Sp, Sphl; X, Xbal. 
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Sal I Xba I Bam HI Sat I Pst I 



NOS 3' 



. ctgcagGTCGACTCTAGAGGATCCGTCGACCTGCAG .' 
. gac g t CCAGCTG AGATCTCCTAGGCAGCTGGACGTC . 



PAHC15/25/27 



UBI1 Intron 
Pstl 



Sail 



Xba I Bam HI Sma I 



GUS {frompBI101.2) 



. c tgcagGTCGACTCTAGAGGATCCCCGGGTAGTCAGTCCCTTATX?. 
. gacg tcCAGCTGAGATCTCCTAGGGGCCCATCAGTCAGGGAATAC. 



pAHC18 

UB11 Intron 
Pstl 



Sail Xba I Bam HI 



LUC (from pD0432) 



. . . . c tgcagGTCGACTCTAGAGGATCCGAGCTTGGAATTCCTT^ . 
. . /gacgtcCAGCTGAGATCTCCTAGGCTCGAACCTTAAGG 



pAHC20/25 



UBI1 Intron 
Pst I 



Sail Xba I Bam HI 



BAR (from pUC/BASTA) 



. ctgcagGTCGACTCTAGAGGATCCATCGATTAGGAAGTAACCATG. . , 
. gacg t cCAGCTGAGATCTCCTAGGTAGCTAATCCTTCATTGG TAC . . . 



Fig. 2; Nucleotide, .sequence of the polylinker region comprising the junction between the Ubi-1 intron and the reporter gene or NOS 3' 
sequence. The Ubi-1 intron sequence (lower case)- ends with 2a Pstl site containing the 3' splice junction. The reporter gene sequences 
shown- downstream of the polylinker are those upstream of the respective coding sequence and end with , the ATG translation start codon . 
(italicized) shown for each. 



intron fused -to a luciferase (LUC) reporter coding 
sequence (Fig. 1). An 1892 bp BamKl fragment of 
pD0432 (Ow et aL, 1986) containing 80 nucleotides of 
5' untranslated sequence, the luciferase coding region 
(1649 nucleotides) and 163 bp of 3' untranslated sequence 
was cloned. into- the unique BamYLl site of pAHC17. This 
construct contains- the luciferase coding sequence in the 
same orientation, as the ubiquitin promoter. 

pAHC20 - pUbi-BAR 

The Ubi-BAR chimaeric gene in this plasmid provides 
selection of transformants resistant to Basta™ herbicide 
(phosphinothricin) (De Block et ah; 1987). The Ubi-BAR 
construct- was formed by ligating a 570 bp BamKl-Bcll 
fragment containing the bar gene into the Bam'Ul site of 
pAHC17. The bar gene fragment was excised from a 
plasmid (pUC8/BASTA) obtained from Dr M. Fromm 
(Fromm et ah, 1990). The resultant pAHC20 plasmid has 
bar in the same orientation as the maize Ubi-1 promoter 
(Fig. 1). The construct contains. 18 bp of sequence 
between, the BamHl site and the translation start codon 



of the bar gene (Fig. 2). The Bell site is 11 bp 
downstream of the TGA stop codon. 

The unique Hindlll site at the 5' end of the Ubi-1 
sequence makes this plasmid very adaptable. This 
restriction site is suitable for insertion of a second 
chimaeric gene, such as -a scorable marker also driven 
by a second Ubi-1 promoter, as detailed below for 
pAHC25 5 or for any other desired promoter-gene 
combination. 

pAHC25 - pUbi-GUS/Ubi-BAR 

pAHC25 contains both a selectable marker (bar) and a 
scorable marker (GUS), each under the transcriptional 
control of a separate Ubi-1 promoter (Fig. 1). The two 
chimaeric genes were first assembled separately in 
pAHC20 and pAHC27 and then the double construct 
was formed. This was achieved by excising the Ubi-GUS- 
NOS-containing Hindlll fragment from pAHC27 and 
subcloning it into Hin dill-digested pAHC20. The resul- 
tant pAHG25 plasmid has both Ubi-BAR and Ubi-GUS . 
chimaeric genes in the same orientation. 
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Discussion 



The high activity of the maize Ubi-1 promoter has now 
been documented in transient and/or stable transformation 
configurations in a number of monocot systems including 
rice (Bruce et aL, 1989; Told et aL, 1992; Cornejo et aL, 
1993; Uchimiya et aL, 1993; Takimoto et aL, 1994), 
wheat (Taylor et aL, 1993; Weeks et aL, 1993), barley 
(Wan and Lemaux, 1994), sugarcane (Gallo-Meagher et 
aL, 1993; Taylor et aL, 1993), maize (Christensen et aL, 
1992; Gallo-Meagher et aL, 1993) Pennisetum (Taylor et 
aL, 1993), Pahicum (Taylor et aL, 1993) and Lemna 
(Rolfe and Tobin., 1991). Whether or not the high level of 
expression of selectable marker genes fused to Ubi-1 
actually increases the efficiency of recovery of fertile 
r transgenic plants relative to less active promoters like that 
from the CaMV 35S gene is yet to be rigorously examined 
(see Wan and Lemaux, 1994)7 However, the high level of 
GUS expression provided by the Ubi-GUS constructs has 
proven valuable in enabling rapid histochemical screening 
of trarisformants for transgene activity (Cornejo et aL, 
1993). ' - . 

The original intron present in the 5 '-untranslated region 
of the Ubi-1 gene (Christensen et aL, 1992) was retained 
in all the constructs here because of numerous previous 
studies showing that introns frequently strongly enhance , 
transgene expression in cereals (Callis et aL, 1988; Bruce 
and Quail, 1990; McElroy et aL, 1990; Vasil et aL, 

1993) . The influence of the Ubi-1- intron has not been 
tested directly, but there is evidence that this maize 
sequence is spliced correctly in transgenic rice cells (Toki 
et aL, 1992). ; 

Detailed examination of the spatial and temporal 
. expression patterns of the Ubi-1 promoter in transgenic 
plants is yet .to .be reported. However, initial data with a . 
Ubi-gus construct indicate expression in all organs of 
transgenic rice consistent with a potential for targeting a 
wide spectrum of cells (Cornejo et aL, 1993; Takimoto et 
aL, 1994). 

An additional potentially useful! feature , of the Ubi-1 
promoter is that it is stress-inducible. Both thermal and 
mechanical stress have been shown to cause a strong 
enhancement of the Ubi-gus transgene activity in 
transformed rice (Cornejo et aL, 1993; Takimoto et aL, 

1994) . It is possible .-that this , fact may result in stronger 
expression of selectable marker fusion genes during the 
early stages of transformation, where recipient cells are 
exposed to a variety of stresses such as high osmotic 
pressures, particle bombardment and growth on toxic 
compounds.- A subsequent decrease. in ; expression level is 
expected upon removal of the selective conditions so that 
regenerated transgenic plants would presumably not 
continue to express the marker at high, leyels when it is 
no longer needed. The .stress-inducibility of the Ubi-1 
promoter might also be useful , for driving conditional 
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expression, of genes that confer tolerance or resistance to 
various biotic and abiotic ^stresses such as pathogen 
attack, heat and water deficit (Takimoto et aL, 1994). 
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